Objectives: To evaluate the association between the genetic polymorphism of the tumor necrosis factor-alpha (TNF-α) gene and the development of sepsis and septic shock in Thai pediatric patients and to investigate the clinical impacts of TNF-α polymorphisms in this population.
Introduction
Despite a better understanding of the pathophysiology of sepsis -a syndrome characterized by host systemic inflammatory and procoagulant responses (systemic inflammatory response syndrome, [SIRS] ) to pathogens -, as well as the advances in intensive care monitoring and supportive care (including respiratory support, use of antibiotics, and other pharmacological measures), disease mortality related to clinical sepsis/septic shock remains high. At present, an intense host response resulting in organ dysfunction and leading to severe sepsis and septic shock is becoming a major cause of death in the critical care unit. 1, 2 Uncontrolled immunological responses to any Genetic association study of tumor necrosis factor-alpha with sepsis and septic shock in Thai pediatric patients Suwannee Phumeetham, 1 Nunthawut Chat-uthai, 2 Manutham Manavathongchai, 3 Vip Viprakasit 4 given pathogens among different individuals play a critical role in the development of clinical sepsis/septic shock. 3 The role of genetic influence on disease-associated mortality in particular infectious diseases has long been observed since the 1980s. 4 Sørensen et al. reported that the death of biological parents due to infection conferred a greater risk for children of dying from the same cause, whereas the death of adoptive parents did not. 4 In the past 10 years, after the completion of the human genome project, several studies, mainly in Caucasian populations, have
shown a significant genetic variation in several common human diseases. 5 Many studies on the matter indicate a strong genetic influence on susceptibility to sepsis/septic shock and might be used to predict clinical outcome. 6 In addition, several infections were also found to be affected by genetic variation, including malaria, 7 tuberculosis, leprosy, and infections by helicobacter pylori, HIV, and hepatitis B, among others. 8 Acute systemic response which produces excessive proinflammatory cytokines with inadequately counterbalanced production of anti-inflammatory mediators is the major pathogenesis of sepsis. 1, 9 Tumor necrosis factor-alpha (TNF-α), one of the most critical pro-inflammatory cytokines, plays a crucial role in the pathogenesis of this acute inflammatory response (acute phase reaction) and is involved in systematic inflammation. 10 The TNF-α gene locates at chromosome 6p21.3 spanning approximately 3 kb and contains four exons to produce a 212 amino acidlong type II transmembrane protein arranged in stable homotrimers. 11 Moreover, TNF-α has several roles on human immunopathology, from generating inflammation, cellular proliferation and differentiation, tumorigenesis, and viral replication to inducing apoptotic cell death. In clinical models of sepsis, the administration of TNF-α leads to hypotension, activation of the coagulation cascade, and organ dysfunction, supporting its role as an acute phase mediator. 12 At the in vivo level, increased TNF-α levels have been observed after endotoxin challenge in healthy volunteers 13 and also in patients with septic shock due to both gram positive and gram negative bacteremia. 14 18 However, considering that it is widely accepted that genetic polymorphism varies between ethnic groups, any comparative studies should be executed within the same genetic background. 19 Nevertheless, it remains important to revisit all major reported polymorphisms in any population to demonstrate whether it is possible to utilize these genetic markers as a universal genetic risk for any given clinical condition.
In this sense, we conducted the first prospective study in a Southeast Asian population to evaluate whether there is any association between the TNF -308A polymorphism and the development of sepsis and septic shock in Thai pediatric patients.
Methods

Patients and controls
A prospective study in eligible subjects including all patients with sepsis or septic shock who were Thai in origin and admitted to the pediatric intensive care Informed consents were obtained from case and control subjects and/or their parents or guardians.
TNF -308 genotyping
Genomic DNA was extracted from 5-mL samples of EDTA anti-coagulated blood using the phenol-chloroform method. Genotyping for polymorphisms of the TNF-α -308
genes was done using the polymerase chain reactionrestriction fragment length polymorphism method. The TNF-α gene promoter was amplified by using a modified protocol previously described 22 : TNF-α forward primer 
Statistic analysis
Descriptive data were expressed as frequency (%)
or as mean ± standard deviation. A two-tailed Student t test was used for the comparison of continuous variables with normal distribution and the Mann-Whitney U test was used for continuous variables without normal distribution.
Association studies between different groups were analyzed using the chi-square test. A p-value of less than 0.05 was considered statistically significant.
Results
Sixty-six Thai patients meeting all the above mentioned criteria of sepsis/septic shock were enrolled, 43 of which were patients with sepsis and 23 with septic shock.
Demographic characteristics of patients with sepsis and septic shock are summarized in Table 2 . The frequency of AA did not differ among the different groups and none of the patients in the septic group had homozygosity of AA.
In a sub-group analysis of the septic shock group, 13 out of 23 subjects included in the group were survivors.
Again, the distribution of G and AA was not significantly different between patients who survived and those who died (data not shown).
Discussion
This study examines, for the first time in Southeast Asia, the association between the TNF2 allele (which comprises a G-308A transition within the promoter of the TNF-α gene) and susceptibility to sepsis or septic shock, as well as mortality related to these events in our intensive care units. Increasingly, genetic variation in human population was evidenced and several genetic polymorphisms were associated with predisposition to the development of sepsis or septic shock and with poorer outcome. 23, 24 For example, Nadel et al. 25 demonstrated a higher frequency of the TNF-α -308A allele in children with meningococcal disease who died compared with those who survived in the British population. In a French study by Mira et al., 23 the authors reported that the frequency of the AA at the TNF-α -308 again was higher in adult patients with septic shock when compared to French healthy controls.
Moreover, among French patients with septic shock, the frequency of the AA was also significantly higher in those 
) NS
APACHE = Acute Physiology and Chronic Health Evaluation; NS = not significant; SD = standard deviation. * This score evaluation system was applied within 24 h of admission of the patient to the intensive care unit; higher scores correspond to more severe disease and a higher risk of death. 27 However, within the septic shock group, patients who carried the TNF-α -308A allele had a greater mortality rate than those who did not.
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Herein, our study demonstrates that no difference in the frequency of TNF2 allele was found between control group and sepsis/septic shock group and no increased mortality was reported in association with TNF2 allele. Besides that, in a subgroup analysis of patients with septic shock, the frequency of TNF2 allele in non-survivors was not different from that observed in survivors. In our study, all patients and healthy controls were ethnic Thai who lived mainly in Bangkok and surroundings, which made our study population appear to be homogeneous and might have reduced the confounding effect of population admixture and migration that might be evident in other studies. Several explanations may be considered for our negative findings in this study.
Firstly, many different genetic variations might play roles on the development of sepsis or septic shock, and some of them might operate on the TNF and other system (or pathway) for the development of sepsis in cis or in trans. The magnitude of
these not yet identified possible predisposing genetic factors might overcome the genetic risk contributed by the -308A
allele. These other genetic risks might not be similar among different populations and could significant affect any genetic association study. Secondly, although there is some evidence suggesting that the TNF-α -308A allele has an effect on TNF-α production, 17, 28 other studies showed contrary results. 29, 30 It could be possible that TNF-α -308A allele, per se, does not directly influence TNF-α production, but merely works In addition, there were also some limitations in this study. The first one is the fact that TNF-α levels could be not obtained in this study due to technical difficulties; therefore, we could not demonstrate a correlation between different -308 genotypes and TNF production as shown previously. 17 The second is a relatively small population of patient subjects, in particular of septic shock patients, which might have some effect on the power of our analysis. Finally, we could only compare septic cases with healthy controls; however, the ideal should be compare individuals who were exposed to the same type and magnitude of infectious pathogens but did not develop clinical sepsis/septic shock. Nonetheless, such controls seem to be difficult to identify, which might hamper the feasibility of the study.
In summary, this study has failed to show an association between TNF-α -308 polymorphism and the risk and the severity of sepsis or septic shock in the Thai population.
Further studies including a larger population, with additional polymorphisms or haplotype analysis of TNF-α, should be warranted.
